ABSTRACT. Objective. Osteonecrosis of the hip has been reported in human immunodeficiency virus (HIV)-infected adults; whether this is related to HIV infection or its treatment is unknown. There has been 1 report of osteonecrosis among HIV-infected children. Specifically, avascular necrosis of the hip consistent with Legg-Calvé-Perthes disease (LCPD) was reported in 3 HIV-infected children with AIDS from Spain in 1992. We evaluated the prevalence and incidence of LCPD, the pediatric equivalent of adult osteonecrosis of the hip, in HIV-infected children participating in a prospective cohort study of long-term outcomes in HIV-infected and HIV-exposed children-Pediatric AIDS Clinical Trials Group (PACTG) protocol 219.
O steonecrosis, or avascular necrosis of the bone, has been described in case reports in human immunodeficiency virus (HIV)-infected adults since the early 1990s. [1] [2] [3] [4] [5] [6] [7] [8] [9] In one study, 4.4% of 339 asymptomatic HIV-infected adults were found to have evidence of osteonecrosis by magnetic resonance imaging, 10 and in another study, the incidence of osteonecrosis in HIV-infected adults was 45 times greater than would be expected in the general population. 11 Recent reports have suggested that the incidence of osteonecrosis among HIV-infected adults may be increasing. 10, [12] [13] [14] [15] In a report from the Johns Hopkins HIV Clinic Cohort, the incidence of osteonecrosis in HIV-infected adults from 1995 to 2000 increased from 0 to 4.8 per 1000 person-years. 14 The cause of osteonecrosis in HIV-infected persons is unknown, but it is thought to be possibly related to HIV infection itself 5 ; cytokine activation induced by HIV 16 ; or therapies for HIV or HIV-associated conditions, including treatment with antiretroviral drugs, 12, 13, 17, 18 systemic corticosteroids, 14, 19, 20 lipidlowering agents, 4, 8, 11, 21 and/or testosterone and anabolic steroids. 10, 22 There has been 1 report of osteonecrosis among HIV-infected children. Avascular necrosis of the hip consistent with Legg-Calvé-Perthes disease (LCPD) was reported in 3 HIV-infected children with acquired immune deficiency syndrome (AIDS) from Spain in 1992. 23 LCPD is a pediatric disorder characterized by osteonecrosis of the capital femoral epiphysis. The incidence of LCPD among the general pediatric population in the United States is estimated to be 5.7 per 100 000 person-years; it is rare among black, non-Hispanic children. 24 -28 We report 6 cases of LCPD observed among children with perinatal HIV infection participating in a long-term outcome study, Pediatric AIDS Clinical Trials Group (PACTG) protocol 219, and the results of a case-control study to examine the association between osteonecrosis and antiretroviral therapies; corticosteroid exposure; CD4 lymphocyte percentage; birth weight; percentile of height for age and gender; and triglyceride level in HIV-infected children.
METHODS
The Pediatric Late Outcomes Study PACTG 219 is a prospective cohort study of HIV-infected and HIV-exposed but uninfected children designed to examine late outcomes of HIV infection and exposure to antiretroviral drugs given either as prophylaxis to prevent perinatal HIV transmission or as therapy for HIV infection. PACTG 219 opened to enrollment in April 1993 and continues to enroll patients at 78 participating sites in the mainland United States and Puerto Rico. The institutional review board at each site approved the study, and informed consent was obtained from the child's parent or guardian before study entry.
Before September 2000, children were eligible for enrollment into PACTG 219 if they were born to HIV-infected mothers enrolled in PACTG perinatal trials or were themselves enrolled in perinatal trials (regardless of HIV infection status of the child), or they were HIV-infected, enrolled in a PACTG clinical trial, and were younger than 21 years old at entry. Children were seen every 6 months through 24 months old and then yearly through 21 years old. In September 2000, the entry criteria and visit schedule were expanded, but the present analysis is restricted to enrollees and their follow-up before this date.
At each visit, a routine physical and neurologic examination and laboratory evaluations (eg, hematology, serum chemistries, urinanalysis, lymphocyte subsets) are performed. Data on baseline and intercurrent illnesses and diagnoses are captured electronically from PACTG protocol visits if the child is coenrolled in other PACTG studies and through medical chart review for any nonprotocol-related clinical visits. Specific physical or laboratory evaluations for orthopedic conditions were not performed as part of the PACTG 219 protocol; data on such conditions were obtained through medical record review. The PACTG 219 database was reviewed for diagnoses of LCPD, osteonecrosis, and any other bone disorders. An incident LCPD case was defined as a child diagnosed with new LCPD after the child's PACTG 219 study enrollment. A prevalent LCPD case was defined as a child with an LCPD diagnosis before the child's study enrollment date. Cases were determined based primarily on medical history relying on a physician and/or radiologist's diagnosis of LCPD.
Case-Control Study
A case-control study was developed to systematically investigate factors possibly associated with LCPD. For each LCPD case, all HIV-infected children who were enrolled in PACTG 219 and, for the incident cases, who were participating in PACTG 219 at the time of the index case's LCPD diagnosis date, were identified as potential controls. Control children were then matched to the cases by race/ethnicity (Hispanic; black, non-Hispanic; white, non-Hispanic); gender; date of birth to within 1 year; date of enrollment in PACTG 219 to within 6 months; and perinatal HIV transmission. Detailed information was collected for each case and control child on antiretroviral and corticosteroid use, including drug start and stop dates. Additional covariates included low birth weight (Ͻ2500 vs Ն2500 g); CD4 lymphocyte percentage; height for age and gender percentiles (Ͻ10th percentile vs Ն10th percentile 29 ); and triglyceride level (Ͼ150 mg/dL vs Յ150 mg/ dL). Laboratory values were taken from the visit closest to the index patient's diagnosis date, with a window of 2 years for the control patients. In addition to data from PACTG 219 visits, data available from other PACTG protocols that the index or control children had been coenrolled were also evaluated.
Statistical Methods
Because of the small number of cases, exact Poisson regression was used to compare the age-specific incidence rates of LCPD in PACTG 219 and the general pediatric population in the United States as reported in the published literature. 24 Briefly, Molloy and colleagues 24 used a population-based analysis of all newly diagnosed LCPD cases occurring in Massachusetts during 1964. They ascertained the cases by surveying all orthopedic surgeons (listed in the Directory of the American Medical Association) practicing in Massachusetts; all hospitals admitting pediatric patients; and a review of the records of all children under care of the Services for Crippled Children of the Massachusetts Department of Health. Birth/death records were used give estimates of the number of at-risk children in Massachusetts in that year to come up with age-specific estimates for 1-year intervals for children aged Ͻ1 year to 14 years. Estimated age-specific prevalence rates in the general population were calculated by multiplying the published age-specific incidence rates by the average disease duration of 4 years. 24, 27, 28 The age-specific prevalence rates of LCPD at entry to PACTG 219 were then compared with the estimated population prevalence using exact Poisson regression. The "expected" number of LCPD incident cases for the PACTG 219 population was calculated by multiplying the age-specific incidence rates for the general pediatric population 24 by the contributory person-years of the HIV-infected PACTG 219 cohort.
Conditional maximum likelihood methods were used in the case-control analysis to examine associations between LCPD and treatment with corticosteroids, nucleoside reverse transcriptase inhibitors (NRTI), nonnucleoside reverse transcriptase inhibitors (NNRTI), and protease inhibitors (PI); and between LCPD and the previously specified traditional clinical and demographic variables.
RESULTS
A total of 2014 HIV-infected and 849 uninfected infants, children, and adolescents were enrolled in PACTG 219 between April 2, 1993, and September 1, 2000. Population characteristics are detailed in Table  1 .
Four prevalent cases of LCPD were reported at study entry. The LCPD prevalence rate was 199 per 100 000. In comparison, the estimated prevalence rate reported in the general pediatric population in the United States is 23 per 100 000. 24 Based on the age-specific general population rates, the expected number of prevalent cases at PACTG 219 study entry was 0.44. The age-adjusted prevalence rate ratio was 9.0 (95% confidence interval [CI]: 8.3-9.7) for HIVinfected children compared with the general pediatric population.
Two children were diagnosed with LCPD after enrollment in PACTG 219 in 5837 person-years of observation. The LCPD incidence rate was 34 per 100 000 person years (95% CI: 0.42-124 per 100 000 person-years). In comparison, the incidence rate reported in the general pediatric population in the United States is 5.7 per 100 000 person-years (95% CI: 5-7 per 100 000). 24 Based on the age-specific general population rates, the expected number of incident cases in the PACTG 219 population was 0.42. HIVinfected children had a 4.8-fold (95% CI: 0.56 -10.4) increase in age-adjusted risk of LCPD compared with the general pediatric population. In contrast, no cases of LCPD were observed in the HIV-exposed but uninfected children enrolled in PACTG 219. The expected number of cases among the uninfected children in PACTG 219, standardized by age, was 0.09.
Characteristics of the patients with LCPD are detailed in Table 2 . All children fulfilled the diagnostic criteria for LCPD (see case reports). 24 The median age of onset for PACTG 219 cases was 7 years (range: 4 -15 years). Four of the 6 children were of minority race/ethnicity (3 Hispanic and 1 black), and a third of the cases were in female children. The median CD4 cell percentage at the time of diagnosis was 21%. Three children were below the 10th percentile for height for age and gender, 2 had triglyceride levels Ͼ150 mg/dL, and 1 was low birth weight (Ͻ2500 g).
All children with LCPD had perinatal HIV infection; none had been exposed to antiretroviral drugs in utero. At the time of LCPD diagnosis, 2 of the children had not received any antiretroviral therapy; of the 4 who had received treatment, all had received at least 1 NRTI, 1 had received an NNRTI, and 2 had received PIs (Table 3) . Three of the 6 children reported exposure to corticosteroids; 2 children, however, had received only topical therapy.
Case Reports

Incident Case 1
This white male was diagnosed by radiograph with unilateral LCPD of the left hip in 1996 at the age of 6 years. Before diagnosis he had 619 days of zidovudine (ZDV) therapy; he had not received treatment with systemic or topical corticosteroids. At the time of diagnosis, he was below the third percentile for height, his CD4 cell percentage was 22%, and his triglyceride level was 48 mg/dL. This child had been previously diagnosed with parvovirus infection. He was treated symptomatically with rest and nonweight bearing for a short period of time. The LCPD resolved clinically without surgical intervention, and no subsequent bone or skeletal problems or disparity in limb length have been observed.
Incident Case 2
This Hispanic female was diagnosed by radiograph with bilateral LCPD in 1998 at the age of 15 years. Before diagnosis she had been treated with multiple NRTIs (ZDV, didanosine [DDI], lamivudine [3TC], stavudine [D4T]) for a cumulative number of 2475 days; PIs (ritonavir and saquinavir) for 355 days; and topical corticosteroid exposure for 796 days. At the time of diagnosis, she was at the 50th percentile for height, her CD4 cell percentage was 19%, and her triglyceride level was 191 mg/dL. In addition, the child had a history of chronic rhinitis, chronic mastoiditis, bilateral mild parotitis, oral can- Characteristics This Hispanic male was diagnosed with unilateral LCPD of the right hip by radiograph in 1990 at the age of 5 years. Before diagnosis, he had not received antiretroviral therapy and had 3 days of oral systemic corticosteroid exposure. At the time of diagnosis, he was below the third percentile for height, his CD4 cell percentage was 4%, and his triglyceride level was 98 mg/dL. Treatment consisted of bracing and follow-up. At the age of 11 years, there was radiologic deterioration of the right femoral head deformity. This patient died in 1999 because of HIV encephalopathy.
Prevalent Case 2
This Hispanic female was diagnosed with unilateral LCPD of the left hip in 1991 at the age of 4 years. She had no antiretroviral or corticosteroid therapy before her diagnosis. At the time of diagnosis, she was at the 40th percentile for height, her CD4 cell percentage was 31%, and her triglyceride level was 76 mg/dL. The child had a history of recurrent pneumonia and bronchial asthma. In April 1992, the patient was hospitalized for 2 months with acute osteomyelitis of the left femur, which later became chronic. A disparity in limb length has been observed.
Prevalent Case 3
This white male was diagnosed with LCPD via arthrogram and open biopsy with unilateral disease of the right hip in 1993 at the age of 7 years. Before diagnosis he had been treated with multiple NRTIs (ZDV, DDI, DDC) for 1753 days and with topical corticosteroids for 37 days. At the time of diagnosis, he was at the 60th percentile for height, and his CD4 cell percentage was 15%. Triglyceride value was not available. He had a history of spastic diplegia, developmental delay, and cerebral palsy. His birth weight was 2327 g. This child has not required surgical or medical treatment, with no additional bone abnormalities or disparity in limb length observed.
Prevalent Case 4
This black male was diagnosed by radiograph with unilateral LCPD of the left hip in 1999 at the age of 12 years. Before diagnosis, he had received treatment with all 3 classes of HIV drugs: multiple NRTIs (ZDV, DDI, 3TC) for 2382 days; an NNRTI (nevirapine) for 820 days; and a PI (indinavir) for 966 days. The child had not been treated with systemic or topical corticosteroids. At the time of diagnosis, he was below the third percentile for height, his CD4 cell percentage was 44%, and his triglyceride level was 229 mg/dL. This child had been previously diagnosed with ventricular hypertrophy, sinusitis, reactive airway disease, recurrent pneumonia, recurrent oral candidiasis, Mycobacterium avium infection, failure to thrive, developmental delay, and anemia. This patient's LCPD resolved clinically without surgical intervention, and no additional bone abnormalities or limb length disparity has been observed.
Results of Case-Control Study
The study included the 6 LCPD cases and 39 matched controls. The median number of controls per case was 6.5 (range: 4 -9). Medication history was available for all patients, either from site records (41 children) and/or from concomitant medication forms from past PACTG clinical trials that the children had been enrolled in (4 children). Complete treatment histories from the time of birth were available for 34 of the 45 children for antiretroviral treatment and 22 for corticosteroid treatment. Height for age and gender percentile was available for 36 children, and triglyceride level was available for 26 of the 45 children. In most cases, the missing data corresponds to the prevalent cases and respective controls diagnosed before 1994 whose values fell outside the 2-year window or they were not routinely collected in PACTG studies on which these children were coenrolled.
Before the LCPD diagnosis date for the LCPD cases (index cases), 67% of cases (4/6) and 79% of controls (31/39) had received treatment with at least 1 NRTI; 17% (1/6) of cases and 13% (5/39) of controls had been treated with an NNRTI; and 33% of cases (2/6) and 13% (5/6) of controls had been treated with at least 1 PI. Ten children (2 LCPD cases and 8 controls) had received no antiretroviral therapy before the index case's LCPD diagnosis (which occurred in 1990, 1991, and 1993). Fifty percent of cases (3/6) and 41% (16/39) of controls had received treatment with corticosteroids before the index case's LCPD diagnosis. Seventeen percent of cases (1/6) and 10% of controls (4/39) weighed Ͻ2500 g at birth; 50% of cases (3/6) and 23% of controls (9/39) were Ͻ10th height for age, gender percentile; and 40% of cases (2/5) and 29% of controls (7/24) had triglyceride levels Ͼ150 mg/dL. Table 4 provides the unadjusted odds ratio and 95% exact CI for the association of LCPD with antiretroviral drug class, corticosteroid therapy (systemic and topical), CD4 cell percentage, birth weight, height for age and gender percentile, and triglyceride level. None of the covariates showed statistically significant associations with development of LCPD.
DISCUSSION
Data from our large prospective cohort of over 2800 HIV-exposed and infected children indicate a 9.0-fold increase in the age-adjusted prevalence rate and 4.8-fold increase in the age-adjusted incidence rate of osteonecrosis of the hip in children with perinatal HIV infection compared with the general pediatric population. 24 LCPD cases occurred exclusively among children with HIV infection, with no cases in the 849 uninfected children followed in PACTG 219.
The most common form of osteonecrosis in children is LCPD. In the general pediatric population, LCPD occurs between 2 and 12 years of age, with a median age of 7 years, and is more common in males than females, with a 5 to 1 male-to-female ratio. 27, 28, 30 LCPD is most prevalent in white and Chinese children, and is very uncommon among black, nonHispanic, or Native American children. 25, 26, 28, 31 The ratio of white, non-Hispanic children to black, nonHispanic children is approximately 10 to 1. 32 LCPD is usually confined to one hip, although bilateral disease is observed in 10% of cases. 28 Reports of osteonecrosis in HIV-infected children are rare. 23 The HIV-infected children with osteonecrosis in the PACTG 219 cohort differed in race/ ethnicity and gender from the traditional child with LCPD. Four of the 6 infected children were of minority race/ethnicity, and 2 were female. Bilateral disease was observed in 1 child; an increased frequency of multisite osteonecrosis has been described in HIVinfected adults. 11 Half of the HIV-infected children with LCPD were below the third percentile height at the time of diagnosis. Abnormal growth, as demonstrated by low birth weight and delayed bone age, is a reported risk factor for LCPD in the general pediatric population. 28, 33, 34 Deficits in growth are common in HIVinfected children, and growth failure has been associated with elevated viral load. [35] [36] [37] In hemophiliac boys, HIV-infected children with abnormal growth were found to have a significantly lower bone age than HIV-infected hemophiliacs without growth abnormalities and to have reduced androgen and growth hormone production compared with noninfected hemophiliacs. 38 Deficits in bone mineral mass and calcitropic hormones were described in a study of young girls with perinatal HIV infection. 39 Thus, HIV-infected children may have an increased risk of LCPD compared with the general population because of the growth deficits found in infected children.
A possible genetic predisposition to LCPD in the general pediatric population has been reported. 28 Some studies have suggested that familial clustering may be attributable to inherited hyperfibrinolysis coagulation disorders (thrombophilia). 40 -43 In 1 study, 13% of children with LCPD were found to have the factor V Leiden mutation, an inherited defect more frequent in whites than blacks and associated with resistance to activated protein C, resulting in an increased tendency to clot. 44 Low levels of glycoproteins protein C and protein S, also associated with increased clotting, have also been described among children with LDPD. 45, 46 Thrombophilic disorders can also be acquired; antiphospholipid antibodies can occur in collagen vascular diseases and are also stimulated by scarlet fever and some viral infections (eg, varicella, hepatitis, measles, and HIV). 4, 8, [47] [48] [49] [50] In a study of 34 symptomatic HIV-infected children, 77% were found to have decreased free protein S, and 56% had levels more than 2 standard deviations below normal. 48 In HIV-infected adults, acquired protein S deficiency has been described, 49, 50 and a possible association between the presence of antiphospholipid antibodies and osteonecrosis has been described. 4 Thus, HIV-infected children and adults could be at higher risk of osteonecrosis because of an increase in hyperfibrinolysis clotting disorders.
HIV-infected adults with osteonecrosis often have predisposing risk factors, such as cigarette smoking, excessive alcohol use, fatty liver, pancreatitis hyperlipidemia, or corticosteroid use. 15, 21 The increase in reports of osteonecrosis in HIV-infected adults during the late 1990s led to speculation that it may be linked to potent antiretroviral therapy, in particular with PI therapy and its known association with hyperlipidemia. 12, 13, 51 However, several case-control studies have not found an association with antiret- roviral therapy; the most common risk factor has been previous treatment with systemic corticosteroids. 11, 14, 15, 21 Similar to the adult studies, antiretroviral therapy was not an independent predictor of osteonecrosis in our study; the majority of cases and controls had been treated with antiretrovirals before the index case's LCPD diagnosis and 4 of the cases were diagnosed before the availability of PIs. Also similar to data in infected adults, 21, 52 osteonecrosis was not associated with CD4 lymphocyte number, occurring in children with normal as well as low CD4 cell percentage. Fifty percent of HIV-infected children with LCPD in PACTG 219 had received corticosteroid therapy before the development of disease; however, only 1 had received systemic steroids, whereas 2 had topical exposure only. The relationship of topical corticosteroids use and osteonecrosis is controversial. Two cases of osteonecrosis of the femur have been described in adults uninfected with HIV after topical administration corticosteroids for several years (approximately 3-4 years). 53, 54 It was speculated that long-term administration of topical steroids could result in an alteration of the skin penetration barrier, with transcutaneous absorption of the drugs leading to exposure that might be comparable to a high systemic dose of corticosteroids. However, in our cohort, 1 of the 2 children with LCPD who had been treated with topical corticosteroids had received only slightly Ͼ1 month of treatment. In addition, a similar percentage of cases and controls had received corticosteroid treatment, suggesting that steroid use is an unlikely explanation for the increased incidence of LCPD among HIV-infected children.
It is important to note that although each PACTG 219 visit includes a physical examination, the visits do not include orthopedic-targeted physical or laboratory evaluations either at the time of enrollment or during follow-up that would allow for an early diagnosis of LCPD. Data on orthopedic conditions were obtained through medical record review. However, the children are seen regularly for examinations, which could lead to more complete ascertainment of LCPD in this group than in the general population. Concern for potential ascertainment bias was the primary motivation for distinguishing between prevalent and incident cases.
The number of LCPD cases in our cohort was small, limiting the power to detect associations with covariates included in the case-control analysis and yielding wide 95% CIs for odds ratios. We tried to minimize confounding by matching on race, gender, and age, all known risk factors for LCPD in uninfected children. Additionally, we could evaluate only information available in the database, which included medical record review and laboratory evaluations performed for routine clinical care, and thus could not evaluate potential risk factors such as hypercoagulation disorders. Finally, the young age of the HIV-uninfected population in PACTG 219 made comparison of the infected and uninfected cohorts impossible, as the uninfected cohort is just now, at the median age of 3 years, entering into the period of higher risk for LCPD.
However, our data indicate that the increased incidence of osteonecrosis of the hip observed in HIVinfected adults also occurs in HIV-infected children, and that clinicians should be alert to this diagnosis in HIV-infected children presenting with hip pain or limp. Two of the children reported in our series have had significant morbidity from LCPD. Whether LCPD is attributable to HIV infection itself, HIVassociated complications that could predispose one to thrombosis, HIV therapies, or to the growth abnormalities in HIV-infected children is unknown and deserves additional investigation.
